Abstract. The article is devoted to the investigation of the transient processes in the hydrodynamic transmission and hydro-hydraulic turning mechanism at the entrance to the turn and turning on the spot. Boundary ground conditions are determined for the tractor to perform stepless maneuvering while performing technological operations. The algorithm of the tracking system has been formulated, which made it possible to keep the radius of the trajectory fixed by the handwheel as the external resistance to movement changes.
Introduction
Mechanisms for the rotation of caterpillar vehicles based on hydrostatic transmissions (HST) are known [1, 2] . Basically, they are used in high-speed cars (tanks, infantry armored cars, tractors) [3, 4] . The experience of using similar schemes of turning mechanisms is also found in slow-moving caterpillar machines [5, 6] , although it is not so great. This is due to a noticeable rise in the cost of construction, the need to install planetary summing gears and actually HST. Feasibility and advantages of the transition to a step-less turn of industrial tractors requires justification. In part, it is set out in this article. Disadvantages of HST are obvious -low efficiency, about 80%. The advantages are not obvious: they need to be explained. First, 80% efficiency corresponds to all the turning radii, from infinity to zero, that is, from the movement close to rectilinear ("steer" to compensate for the withdrawal) before turning around in the center of gravity. With a conventional tractor, the fixed radius is only one -around the stopped track. Less often -two, for tractors with a two-stage planetary rotation mechanism. All other radii are achieved by slipping clutch, and this loss, in many cases more than 20%. We emphasize that this is the cost of turning control -a complete analog of the losses in the HST turning mechanism. Secondly, the ease of controlling the HST with a joystick or hand wheel is not achievable in the control of frictions. The friction cannot in principle provide the desired, but still stable, slip in the constant position of the control lever.
Thirdly, the accuracy of control: it is one thing to operate the steering wheel as a car, quite another thing by friction, essentially a side brake, and hoping to "catch" some desired turning radius, which coincides with the curvature of the route. When controlling the rotation of the clutches, the driver is forced to reduce the speed of movement, and this reduces the performance of the tractor.
Mathematical model

Structural and calculation schemes
The kinematic diagram of the transmission of the tracked vehicle (TV) is shown in Fig. 1 . The specificity of the machine under investigation is the order of the connection of the main links of the SPS with the turbine HT (SPS carrier), the HST engine (SPS sun) and the driving wheel (SPS epicycle). In none of the similar machines mentioned above, there is no such connection. This feature was reflected in (5) and (6) equations of the mathematical model. The calculated scheme of the plane-parallel motion of the TV in immovable Cartesian coordinates is shown in Fig. 2 and 3 . According to the calculation scheme, the position of the machine on the plane is given by two linear coordinates of the center of gravity xC, yC and the heading angle φ showing the deviation of the longitudinal axis of the machine from the coordinate axis Y. chine, B -transverse base of the machine, x1 -transverse displacement of the pole of rotation of the lagging track, x2 -transverse displacement of the turning pole of the running track, VС per -component of VС , perpendicular to the axis of the machine body, VС di -component of VС , directed along the axis of the machine body, Tx1, Ty1 -components of the resulting frictional force of the lagging track to the ground, Tx2 , Ty2 -components of the resulting frictional force of the running track to the ground, Мf1 , Мf2 -resulting moments of friction of lagging and running tracks relative to the poles of rotation С1 and С2 correspondently, ω=dφ/dt -angular speed of body rotation, VС1 , VС2 -the speed of the poles of the rotation of the lagging and running tracks, respectively
The mathematical model underlying the TV maneuverability studies includes 8 differential equations of the first and second order. Six equations describe the movement of the body of the machine, rotation of the shafts of the engine and the HST motor, the turbine of the hydro transformer (HT). Two equations describe the pressures in the HST pipes [7] [8] [9] :
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Simulation results
In the process of simulation, the parameters of the tractor's curvilinear motion with a differential rotation mechanism are investigated. The entrance to the turn of the tractor is initiated by a full turn of the helm, for 2 seconds. Since the work of the HST is of particular interest, Fig. 3 a is a graph of the relative (relative to 40 MPa) pressure in the injection and suction lines. The top graph correspond to the discharge line, lower graph -for the suction line. Since the ground is set to the same, the steady pressures are the same, of the order of 0.6 from 40 MPa to 24 MPa. It is important to note that when entering the turn, the pressure exceeds the established pressure by 1.5 times, and this circumstance must be borne in mind, this figure can not be obtained from static calculations, and when testing a real machine, the potential inability to enter the turn can be related with this. Further similar motion was investigated, but on a ground with a large resistance (3 times more). Fig. 3b shows the speed of the tractor. Interesting, but obvious result: the resistance is greater, naturally the HT sags and the speed decreases. Uncertainty in the other: the entrance to the turn is accompanied by a jump in the pressure of the HST, and in the case of less resistance, but greater speed, the jump is much greater, by 15 percent (see Fig. 4a When reversing in place, the same picture is the same: for a large resistance, there is a pressure jump (see Fig. 4b) .
A lower resistance corresponds to a greater pressure in the transient process, even goes to the valve. The fact is that the thrust force on the running board reaches a limit at φ = 0.3 and does not give the lagging board the necessary negative pull. And this is reflected in the developed angular velocity of the turn at the site, see Fig. 5 Turning on the spot is realized by forces of traction along the sides, or rather the difference between the traction force on the clutch and the resistance of the ground on each side. A lesser resistance leaves a sufficient supply of clutch for the turning moment, loading of the HST and the development of the necessary speed of rotation (turning on the spot). Fig. 5b illustrates the impossibility of achieving a theoretical angular velocity of 0.5 p/s at a resistance of φ = 0. 3 With a resistance of φ = 0.1, a pressure overload (Fig. 4b ) occurs due to a sufficient difference in the coefficient of adhesion and resistance, which generates a large angular acceleration of the body of the TV. As a result, the angular velocity of the turn in place achieves the values calculated by the statics -0. There are classic differences in the schemes of the mechanisms for turning American and German tanks and infantry fighting vehicles: in "Abrams" the HST pump is driven from the HT turbine, and in transmission of "Leopard-2" directly from the engine. It is believed that the German scheme has a higher efficiency, since the power expended for the turn does not pass through the HT with its 70% efficiency. However, there is a significant drawback -with increasing ground resistance, the turbine of HT spontaneously "lands", and the internal combustion engine maintains its rotational speed, which together leads to a reduction in the radius of the trajectory, with the hand wheel being unchanged. In this regard, it is believed that the "Abrams" is managed in the turn better than the "Leopard -2". In the scheme under study, the lack of drive of the HST pump from the ICE is evident (see Fig. 1 ). At time t=5s, the soil resistance coefficient was increased from 0.2 to 0.6, which led to a spontaneous reduction of the radius from 13.5 m to 10 m. (Fig 6a) . This is due to a decrease in the HT ratio from 0.88 to 0.65. a b The authors proposed to add additional information (on the speed of rotation of the turbine of HT) to the controller that controls the supply of the HST pump and to correct the feed of the HST pump regardless of the position of the hand wheel.
